Introduction
The improved radial geometry negative ion sourcel which is used for routine operation of Principles of Operation The method utilized in the source for positive ion formation is based on the thermodynamic equilibrium surface ionization phenomenon and thus the familiar Langmuir-Saha relation can be utilized to predict the ratio of positive ions to neutral atoms leaving a hot surface. The negative ion generation process cannot be described in terms of the analogous Langmuir-Saha relation for negative surface ionization due to the nonthermodynamic nature of the sputter process. Progress toward a more satisfactory theoretical basis for the secondary negative ion generation process has been made in recent years.10
Computational Analyses of the Positive and Negative Ion Generation Regions of the Sources The geometric configurations of the positive and negative ion generation regions of the sources are readily amenable to simulation by solving Poisson's equation numerically for the chosen electrode system. The Stanford Linear Accelerator Center electron trajectory computer codell was used to calculate ion trajectories in the presence of space charge.
The Annular Geometry Ionizer Source. For the annular geometry ionizer source, the electrode configuration was arbitrarily chosen at the onset and optimized by altering the geometry in a series of iterations until acceptable beam profiles were achieved for both the positive and negative ion beams. An example of positive ion trajectories through the ionizer/sputter probe region of the source is shown in Fig. 3 ; the computed ion current density resulting from positive ion impact at the sample surface is shown in Fig. 4 . The wear pattern which would result from the positive ion distribution shown in Fig. 4 is composed of two parts: a region of concentrated wear with full diameter of -0.75 mm, and a low density uniform wear region with diameter -4.5 mm. The probe wear patterns observed in practice are found to closely approximate those predicted from such calculations.
An example of the negative ion trajectories through the electrode system which would result with full space charge compensation is shown in Fig. 5 . The radius of curvature, r, of the negative ion generation surface was chosen to focus the ion beam through the exit aperture; a value for r of 10.2 cm was found to be optimum. Due to the difference in magnitudes of the positive and negative ion beams, there will be an overall net positive ion space charge effect. However, because of the difference in particle velocities near the points of generation for both the positive and negative ion beams, there may be differential space charge effects present in the anode and cathode surface regions of the source. Of course, the sputtering process will modify the ideal surfaces used in these simulations after a period of time and the optics will change somewhat. The Spherical Geometry Ionizer Source. The radius of curvature for the spherical geometry ionizer was arbitrarily chosen at the onset to be 25.4 mm. A 6.4 mm diameter aperture, located on axis, was chosen for extraction of negative ions. The sputter sample housing configuration and sample position within the housing was determined by iterative changes in the geometry until a satisfactory configuration for transporting the negative ion beam through the exit aperture was achieved. An example of computed positive ion trajectories between the ionizer and sputter sample is shown in Fig. 6 and the corresponding current density distribution is shown in Fig. 7 . Note the lack of an appreciable halo surrounding the high current density distribution for this ionizer. The full width of the beam at impact with the sample surface is approximately the same as that of the concerntrated wear region in the annular ionizer source (-0.75 mm). Based on the apparently smaller halo, this source should, in principle, have a lower emittance than the annular ionizer geometry.
An example of negative ion trajectories through the electrode configuration finally chosen for beam transport through the anode aperture is shown in Fig. 8 . It should be pointed out that this design is not unique and other configurations may be equally as effective in transporting the negative ion beam to the exit aperture.
Mechanical Design The axial geometry sources are identical in almost every detail to the radial geometry source,1 with the exception SAMPLE- can be effected in s 15 minutes through an airlock assembly (not shown in Figs. 1 and 2. ) However, the axially located wear pattern characteristics of these sources are compatible with the employment of a multiple sample indexing mechanism ( Figs. 1 and 2) . A device of this kind has been designed, fabricated and will soon be evaluated. This feature will be the subject of a future report. The Ionizer The ionizers previously described are made of tungsten and are heated with non-inductively wound 97% W -3% Re or molybdenum heating elements of typical diameter f = 11/2 mm.
The heating elements are embedded in sintered matrixes of A1203. The annular ionizer is 15.9 mm in length and has an inner bore radius of 6.4 mm. The spherical geometry ionizer has a radius of curvature of 25.4 mm and a cylindrical diameter of 32 mm. Negative ions are extracted through a 6.4 mm diameter aperture located on the axis of the spherical ionizer. In order to ionize cesium, the surface must be heated above the critical temperature which is -1000°C for cesium. It should be pointed out, that the efficiency for ionization of Cs+ will decrease if the temperature of the ionizer is too high.
Source Operational Parameters Characteristics of the Cesium Oven. The cesium oven temperature determines the rate at which vapor flows into the ionization chamber and therefore the arrival rate of cesium onto the sputter probe sample surface. The oven heater utilized for both sources is a commercially available, 175-watt (120 VAC), band-type device that slips over the cylindrical body of the cesium reservoir. The oven is modular and positioned external to the main vacuum for easy access. During operation, the oven is wrapped with aluminum foil to provide radiation shielding and the temperature is monitored with a chromel-alumel thermocouple. The oven uses the conductance lHmited flow design principles utilized in the original radial geometry source12 -a design which provides excellent flow control and very effectively thermally decouples the oven from the plasma discharge chamber.
Negative Ion Yield Versus Cesium Oven Temperature. The relationship between negative ion yield and cesium oven temperature has been found to be approximately the same for the annular and spherical geomery ionizer sources. Figure 9 displays total negative ion yields of Cu-and Ni-as a function of cesium oven temperature. The maxima in temperature for these elements are seen to both occur at -265°C.
Negative Ion Yield Versus Sputter Probe Voltage. Total negative ion yields from the annular geometry ionizer source as a function of probe voltage for Cu-and Ni-are shown in extremely easy to operate and exhibit long lifetimes (-2500 hours). The sources have proven to be versatile producers of intense beams of many negative ions and are well suited for tandem acceleration applications.
